as the century's most economically devastating affliction of sheep. Bluetongue (BLU) viruses were thought to infect only ruminants, shrews, and some rodents, but recently, inadvertent administration of BLU virusâ€"contaminated vaccine resulted in mortality and abortion among domestic dogs. We present evidence of natural BLU virus infection among African carnivores that dramatically widens the spectrum of susceptible hosts. We hypoth esize that such infection occurred after ingestion of meat and organs from BLU virus infected prey species. The effect of BLU virus on endangered carnivores such as the cheetah and African wild dog requires urgent investigation. Also, the role of carnivores in the epizootiology of this disease needs elucidation.
The bluetongue (BLU) serogroup of orbivi ruses are insect-transmitted and infect wild and domestic ruminants, principally sheep. The dis ease is common in tropical, subtropical, and some temperate regions of the world. Twenty five different BLU virus serotypes are currently identified) Bluetongue was first recognized when susceptible European sheep breeds were introduced into South Africa in the 17th century.
It consequently was proposed that BLU virus originated in Africa and was spread to other parts of the world,2 although recent genetic anal yses indicate that several BLU virus serotypes could have had a long evolutionary history in North America. 3 The consequences of BLU virus infection dif fer among ruminant hosts. Sheep infected with the viruses may show signs of bluetongue dis ease, whereas infection of cattle is typically asymptomatic. 4 Very little is known about the effect of BLU virus infection on wild ungulates in Africa; serologic studies indicate that a large proportion of wild ruminant populations have been infected by the viruses,5 but little infor mation is available on the adverse consequences of such infection. Bluetongue virusâ€"associated mortality has been described in a free-ranging population of topi (Damaliscus korrigum)6 and a captive eland (Tragelaphus strepsiceros).7 Buffalo (Syncerus caffer) calves died after ex perimental infection, 8 
Â § Hyenapopulation sampled in 1990.
were noted among species: jackals and cheetahs characteristically had low numbers of seroposi live individuals, while most lions and hyenas tested positive for BLU viral antibodies. Positive individuals often had high percent inhibition val ues (Figure 1) .
No seropositive individuals were detected among free-ranging Ethiopian wolves, marsh mongooses, or white-tailed mongooses. All cap tive African wild dogs from both Zimbabwe and the United States were seronegative. Coyotes and domestic dogs from California were tested to determine the route of infection (i.e., oral ver sus vector).
Immunoprecipitation. An immunoprecipita lion assay was used to confirm specific reaction of individual sera to the core protein (VP-7) of BLU virus (Figure 2 28 We are therefore hesitant to draw specific conclusions from these data but would suggest that the data indicate exposure to an array of BLU viruses. Of the 163 samples tested for neutralizing an tibodies, 47% did not react with BLU viral se rotypes 1-20. The cause of this finding was not determined, but several potential explanations might be proposed. Virus TCID50 and sample di lution were selected to increase specificity be cause cross-reactions among serotypes are an ac knowledged problem in BLU viral diagnostics.@ However, this also reduces the sensitivity of the test. Furthermore, BLU virus 25, which was re cently identified in Kenya,1 could not be ob tained for the neutralization assays. This sero type does not cross-react with any other BLU viral serotypes)
There also may be other un identified serotypes of BLU virus that would be detected by group reactive tests such as the cELISA but not by neutralization tests with ex isting viruses.
Since this was a retrospective serosurvey, we did not have appropriate samples to isolate virus, but both the high cELISA and virus neutraliza tion titers imply that BLU virus had replicated in the seropositive carnivores. The route of BLU virus infection for these carnivore species is un known but could include either vector transmis sion or ingestion. (Table 3) . Tests with varying spec ificities and sensitivities (agar gel immunodif fusion,10' 9-22 cELISA,@ and fluorescent antibody23' 24)were used to screen the herbivores, but nevertheless, the surveys indicate that wild and domestic ruminants in eastern and north eastern Africa (Kenya, Tanzania, Egypt, Sudan) usually have lower BLU viral antibody sero prevalence levels than those in southern Africa (Botswana, Zambia).
Antibodies to 12 BLU viral serotypes were noted among the African carnivores tested. These serotypes have largely been described in VP2â€"@ VP2 by seropositive carnivore sera.
@ @ VP7
we suspect that infection among carnivores oca high percentage of seropositive individuals, in curred by this route. We base this statement on cluding buffalo, wildebeest, and cattle. Carni observed seroprevalence levels among and geovores such as African wild dogs prey mainly on graphic trends within carnivore species. For exsmaller herbivores such as impalas and Thom ample, the highest seroprevalence levels were son's gazelles.32 These gazelles had significantly noted among large carnivores such as lions and lower BLU viral seroprevalence levels (P < hyenas that prey on large ruminant species with 0.01, x2 = 64.47) than other bovid species.24 Thomson's gazelles are not found in southern Africa, but impalas had a significantly lower ser oprevalence of BLU viral antibodies in Kenya than in Botswana (32% and 83%, respectively; P < 0.01, x2 = 20.74) .2224 This trend among impalas is reflected in BLU viral antibody prey alence levels and percent inhibition among pop ulations of their eastern and southern African wild dog predators (33% and 96%, respectively; P < 0.01, x2 = 21.38; Figure 2 ).
Carnivore species such as white-tailed mon gooses, large-spotted genets, and jackals that largely scavenge from herbivore carcasses were either seronegative or had low seroprevalence levels. This is compatible with their scavenging of meat and skin rather than ingestion of organs such as spleen and liver, which are rapidly con sumed by the predators that killed the prey. Spleen contains the highest concentration of vi rus-infected blood in BLU virusâ€"infected sheep and cattle.33 Marsh mongooses, which primarily prey on aquatic invertebrates,@â€• were seronega tive despite living in close sympatry with in fected ungulates.
Captive wild dogs and jackals in Zimbabwe were largely fed horse meat and therefore, oral infection with BLU virus would be unlikely. 35 However, captive canids would likely have been exposed to the vector because they were kept by open paddocks containing wild ruminant spe cies. All captive wild dogs and jackals were se ronegative, which further suggests that natural BLU virus infection of carnivores occurs orally.
Ethiopian wolves and domestic dogs sampled from the Bale Mountains National Park in Ethi opia were all seronegative.
This high altitude area (> 3,000 m above sea levePâ€•)does not sup port Culicoides midges,37 and therefore, viremic ruminants would not be expected in this region. African domestic dogs may have been infect ed after ingestion of livestock or wildlife offal, which forms a consistent part of their diet. Like wild dogs, domestic dogs in Kenya had signifi cantly lower seroprevalence levels than dogs in Botswana (22% and 39%, respectively; P = 0.03, x2 = 4.42). In Kenya, domestic cats lived together with domestic dogs in Maasai tribal households and were sampled simultaneously. Among all the carnivores examined, however, domestic cats alone tested positive for BLU vi rus 6 and 19 neutralizing antibodies (Table 2) . These serotypes have previously been recorded among sheep in Africa25 and the Middle East.38 Kenyan domestic dogs and cats from the same household thus had been exposed to different BLU viruses, and we propose this is best ex plained by differences in diets.
In 
